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FLIP-CHIP MODULE AND METHOD FOR 
THE PRODUCTION THEREOF 

[0001] The invention relates to a ?ip-chip module and a 
method of producing such a ?ip-chip module, Wherein the 
?ip-chip module comprises a semiconductor chip, Which is 
provided on one face With contact posts, and a substrate With 
contact points soldered to the free ends of the contact posts. 
[0002] Such a ?ip-chip module is knoWn from U.S. Pat. No. 
6,578,754 B1. The contact posts are comprised ofone section 
containing substantially copper, and a shorter section made of 
the soldering material connected to the contact points of the 
substrate. The length of the copper section is at least 50 pm. 
These contact posts are intended for contacting contact points 
arranged in a regular grid With a grid spacing less than 100 um 
and preferably in the range of 80 to 100 um. Through the 
provision of de?ned contact posts, considerable bene?ts are 
obtained in comparison With conventional ?ip-chip modules. 
In particular, the danger of a short-circuit betWeen adjacent 
contact points is much less than With conventional ?ip-chip 
modules in Which the connection betWeen the substrate and 
the semiconductor chip is made solely by spherical contact 
elements of soldering material. It is therefore possible for 
contact points to be contacted reliably in a grid of less than 
100 pm. 
[0003] Reference is also made to U.S. Pat. No. 6,550,666 
B2 and U.S. Pat. No. 6,592,019 B2, in Which further embodi 
ments of the ?ip-chip module With contact posts described 
above are disclosed. 

[0004] This ?ip-chip module also has all the advantages of 
conventional ?ip-chip modules in respect of Wire bonding. In 
particular the path of the electrical circuit betWeen the semi 
conductor chip and the substrate, and thus the signalling 
distance, is very short. 
[0005] As already described in U.S. Pat. No. 6,578,754 B1 
and U.S. Pat. No. 6,592,019 B2, considerable shear stresses 
may arise betWeen the substrate and the semiconductor chip, 
Which may even lead to distortions in the semiconductor chip 
and also in the substrate (see eg FIG. 4a of U.S. Pat. No. 
6,578,754 B1. 
[0006] Shear stresses Within the ?ip-chip module are also 
explained in U.S. Pat. No. 6,592,019 B2. These shear stresses 
are caused by different thermal coef?cients of expansion 
betWeen the semiconductor chip and the substrate, since in 
soldering of the contact posts to the substrate, the entire 
module is placed in a soldering fumace and heated eg to 
around 2300 C. At this temperature, the soldering material 
melts and bonds the contact posts to the relevant contact 
points of the substrate. The temperature is then reduced, With 
the soldering material setting at around 2000 C. With further 
loWering of the temperature to room temperature, the sub 
strate shrinks more than the semiconductor chip, leading to 
distortions in the ?ip-chip module. 
[0007] As a result, in the case of such ?ip-chip modules 
With a multiplicity of contact posts, oWing to the stresses 
Within the ?ip-chip module, the soldered connections 
betWeen the contact posts and the substrate may break up or 
contact posts may break loose from the semiconductor chip, 
or the semiconductor chip may even be damaged. It is there 
fore not possible to provide large semiconductor chips, e.g. 
DRAM chips, in such a ?ip-chip module. 
[0008] There is hoWever a considerable demand for con 
tacting DRAM chips directly by means of a ?ip-chip module, 
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Without the roundabout route of an additional Wiring level, 
since on the one hand due to the multiplicity of connections 
conventional contacting by Wires is scarcely possible any 
longer, While on the other hand the desired data transfer rates 
are not possible With conventional Wire bonding. 

[0009] The contact points of these DRAM chips are 
arranged With a grid spacing of less than 100 pm, which is 
described in the specialist jargon as “?ne pitch”. Such ?ne 
pitch can be contacted by the contact posts explained above, 
but conventional contacting methods for ?ip-chip modules 
are not suitable for this purpose. It should also be taken into 
account that for conductor paths Within the chip, materials 
With loW dielectricity (loW-k passivation materials) are 
increasingly used. Such materials are mechanically Weak, for 
Which reason mechanical stress exerted on such a semicon 
ductor chip leads to cracks and fractures in the passivation 
layer. Current semiconductor chips are therefore very sensi 
tive to stress, Which makes more dif?cult their use in connec 
tion With the ?ip-chip module described above. 
[0010] DE 697 148 T2 shoWs a connection betWeen a sub 
strate of a ?ip-chip module and a circuit board, Which is in the 
form of posts of soldering material. The resilience of the 
soldering material posts compensates for the considerably 
different thermal coef?cients of expansion of the substrate 
and the circuit board. By using corner contact pins it is pos 
sible to increase the contact pressure. The contact pins are 
made of Kovar and are ?xed to the circuit board by braZing. 

[0011] Described in U.S. Pat. No. 6,376,915 B1 is a ?ip 
chip module Which has a circuit board and a semiconductor 
chip connected by means of so-called bumps, Which both set 
the distance betWeen the semiconductor chip and the circuit 
board, and also make an appropriate connection in each case. 
In the peripheral Zone betWeen the circuit board and the 
semiconductor chip is a continuous Wall section made of the 
same material as the bumps. This Wall section is moulded on 
at the same time as the bumps. 

[0012] EP 0 930 645 A2 discloses a ?ip-chip module in 
Which a chip is electrically connected to a circuit board by 
means of bumps made of metal. The physical connection is 
made by an adhesive bond of non-conductive adhesive, With 
Which the area betWeen the chip and the circuit board is ?lled. 
This adhesive material has a thermal coe?icient of expansion 
Which lies betWeen the thermal coef?cients of expansion of 
the chip and the circuit board made of plastic or its plastic 
holder. 

[0013] US 2002/0079577 A1 discloses a ?ip-chip module 
With a circuit board and a chip, Wherein both the chip and the 
circuit board are provided With soldered connections. The 
soldered connections in the peripheral area are made of a 
soldering material With a higher melting temperature, so that 
only the soldered connections in the inner area melt during the 
soldering process, and the soldered connections in the periph 
eral area serve as spacers. 

[0014] US 2004/0232561 A1 discloses a ?ip-chip module 
in Which spacer elements are provided betWeen the chip and 
the substrate, to ensure adequate height betWeen the chip and 
the substrate. The spacer elements are so designed that they 
increase the distance betWeen the chip and the substrate dur 
ing the soldering process. The electrical connections betWeen 
the substrate and the chip are formed entirely of soldering 
material. The intermediate space betWeen the substrate and 
the chip may be ?lled out With ?ller material. This is intended 
to reduce concentrations of stress at the soldered connections. 
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[0015] Similar ?ip-chip modules are disclosed in GB 2 062 
963 A and Us. Pat. No. 4,878,611. 
[0016] US 2003/0210531 A1 describes a ?ip-chip module 
With a chip and a substrate Which are connected by electri 
cally conductive elements, With scope for the insertion of 
elastic elements in the centre of these electrical connecting 
elements. Around the chip is a collar, With a gap betWeen the 
collar and the chip, so that the collar and the chip are not in 
contact. The collar has a thermal coe?icient of expansion and 
an elasticity similar to those of the chip. 
[0017] Us. Pat. No. 6,046,910 describes a ?ip-chip mod 
ule in Which a compressible preform of polymer material is 
?tted betWeen a semiconductor chip and a substrate. 
[0018] Other ?ip-chip modules are disclosed by U.S. Pat. 
No. 4,647,959 and Us. Pat. No. 5,834,848. 
[0019] The invention is based on the problem of so devel 
oping a ?ip-chip module With the contact posts described 
above that feWer faults are caused by the strains Within the 
?ip-chip module. The invention is also based on the problem 
of creating a method for the production of such a ?ip-chip 
module. 
[0020] The problem is solved by a ?ip -chip module With the 
features of claim 1 and by a method With the features of claim 
16.Advantageous developments of the invention are set out in 
the respective dependent claims. 
[0021] The ?ip-chip module according to the invention 
comprises 

[0022] a semiconductor chip having on one face contact 
posts arranged roughly at right-angles to this face, 

[0023] a substrate With contact points, each connected to 
a free end of one of the contact posts, Wherein the sub 
strate has a different thermal coe?icient of expansion to 
that of the semiconductor chip, and 

[0024] a rigid spacer, located betWeen the substrate and 
the semiconductor chip, and With a thermal coef?cient 
of expansion varying less from the thermal coe?icient of 
expansion of the semiconductor chip than from the ther 
mal coe?icient of expansion of the substrate, Wherein 
the spacer is connected either to the substrate and/or to 
the semiconductor chip at least at several points distrib 
uted over its contact faces. 

[0025] Since the spacer is connected to the substrate and/or 
the semiconductor chip, and the thermal coef?cient of expan 
sion of the spacer is closer to the thermal coef?cient of expan 
sion of the semiconductor chip than to the thermal coe?icient 
of expansion of the substrate, then either the strains occur 
mainly betWeen the substrate and the spacer, and not betWeen 
the substrate and the semiconductor chip, or else the semi 
conductor chip is so strengthened by the connection to the 
spacer that it can resist the strains Which occur. The spacer 
thus absorbs the strain of the substrate caused by the differing 
thermal coef?cient of expansion. The spacer, Which has no 
electrical functional elements Whatsoever, is of stable design, 
so that this strain is not transmitted to the sensitive semicon 
ductor chip. 
[0026] The connection at several points distributed over the 
contact surfaces may also be realised through a large surface 
connection, eg a soldered connection or an adhesive bond, 
With the continuous connecting layer extending over the sev 
eral distributed points. 
[0027] The substrate, Which is usually made of a plastic or 
ceramic material provided With copper conductor paths, is 
stable enough to absorb these mechanical stresses continu 
ously. With a connection betWeen the substrate and the spacer, 
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the unit comprising the substrate and the spacer is consider 
ably more rigid than the substrate alone, so that the strains 
produce no bends in the substrate or considerably less than 
With the ?ip-chip technology used to date. Also the mechani 
cal loading of the soldering points betWeen the contact posts 
and the substrate is signi?cantly loWer than With the ?ip-chip 
modules knoWn to date. 
[0028] Through the provision of the rigid spacers, the risk 
of damage to the soldering points betWeen the contact posts 
and the substrate, and the risk of damage to the semiconductor 
chip, are signi?cantly reduced. 
[0029] Preferably the spacer is connected both to the sub 
strate and to the semiconductor chip at least at several points 
distributed over their contact surfaces. Due to the physical 
connection betWeen the semiconductor chip and the spacer, 
each having a similar thermal coe?icient of expansion, the 
semiconductor chip holds its shape even during temperature 
variations occurring in the soldering process, and possible 
stresses are inhibited. 

[0030] The differences betWeen the thermal coef?cient of 
expansion of the spacer and the thermal coe?icient of expan 
sion of the semiconductor chip are preferably less than 40%, 
and in particular less than 20% or 10% of the difference 
betWeen the thermal coef?cient of expansion of the semicon 
ductor chip and the thermal coe?icient of expansion of the 
substrate. The greater the agreement betWeen the thermal 
coef?cients of expansion of the semiconductor chip and the 
spacer, the loWer are the forces acting on the semiconductor 
chip as a result of thermal stress. 

[0031] In the method according to the invention for the 
production of a ?ip-chip module, a spacer is ?rst of all placed 
betWeen the semiconductor chip and the substrate, after 
Which the contact posts are soldered to the contact points of 
the substrate. 
[0032] In this Way the distance betWeen the substrate and 
the semiconductor chip is set precisely. This distance should 
correspond to the average height ofall contact posts including 
their soldering points. 
[0033] The inventors of the present invention have estab 
lished that, in the method knoWn to date, the problem is that 
the distance betWeen the substrate and the semiconductor 
chip is either too short or too long. If the distance is too short, 
then the soldering material is pressed out from the space 
betWeen the contact post and the corresponding contact point 
of the substrate, so that only a very thin connecting layer of 
soldering material remains betWeen the contact post and the 
contact point. This thin connecting layer is hoWever mechani 
cally Weak, so that it can break quickly under strain. 
[0034] If the distance betWeen the semiconductor chip and 
the substrate is too large, then there is a correspondingly large 
gap betWeen the contact post and the contact point of the 
substrate. The soldering material is stretched over this gap, 
leading to reductions at the soldering point. Such reductions 
are again mechanically Weak, and tend to break up under 
stress loading. This means that mechanically Weak soldering 
points are created betWeen the semiconductor chip and the 
substrate, both When distances are too large and also When 
they are too small. These Weak points tend to break up under 
thermal stresses in the ?ip-chip module. 
[0035] Through the method according to the invention, the 
distance betWeen the semiconductor chip and the substrate is 
maintained very precisely, thus considerably loWering the 
risk of creating physically Weak soldering points. A ?ip-chip 
module produced by the method according to the invention is 
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therefore better able to absorb thermal stresses, and the risk of 
damage to the ?ip-chip module is considerably reduced. 
[0036] The ?ip-chip module according to the invention 
described above is preferably produced by the method 
according to the invention, With the spacer coupled to the 
substrate. 
[0037] The invention is explained in detail beloW With the 
aid of the drawings, Which shoW in. 
[0038] FIGS. 1a to 10 the stages of assembling a ?ip-chip 
module according to the invention, in a schematic cross 
sectional vieW 
[0039] FIGS. 2a to 20 in each case a section through a 
?ip-chip module according to the invention in the area of a 
soldering point, Wherein during the soldering process differ 
ent distances have been maintained betWeen the respective 
substrate and the semiconductor chip 
[0040] FIGS. 3a and 3b in each case a schematic vieW from 
beloW of a semiconductor chip With contact posts and a spacer 
[0041] FIG. 4a a plan vieW ofa ?ip-chip module according 
to the invention 
[0042] FIG. 4b the ?ip-chip module of FIG. 4a in a sec 
tional vieW along line A-A 
[0043] FIGS. 5a and 5b in each case a section through a 
?ip-chip module according to the invention in the area of a 
soldering point. 
[0044] A ?ip-chip module 1 according to the invention 
(FIG. 10) comprises a semiconductor chip 2 with U0 contact 
points on one side face 3. Provided at the I/O contact points 
are contact posts 4, each standing upright on the side face 3. 
[0045] These contact posts are produced in accordance 
With a method as described in Us. Pat. No. 6,578,754 B1, 
U.S. Pat. No. 6,550,666 B2 and Us. Pat. No. 6,592,019 B2 
respectively. Reference is therefore made to the contents of 
these patents in full, and they are incorporated in the present 
application. 
[0046] The contact posts 4 are made of tWo sections, 
namely a metal post 5 and a solder section 6 (FIG. 1a). The 
metal post 5 is made usually of copper and/or gold, is ?tted 
directly on the semiconductor chip 2, and is in electrical 
contact With a conductor path of the semiconductor chip 2. 
The solder sections 6 are located at the ends of the contact 
posts 4 furthest aWay from the semiconductor chip 2, and 
provide mechanical and electrical connection With contact 
points 7 of a substrate 8. So long as the contact posts 4 are not 
soldered to the contact points 7 of the substrate 8, the solder 
sections 6 form free ends of the contact posts 4 (FIG. 1a, FIG. 
1b). 
[0047] The contact posts of the present invention thus com 
prise an elongated column of an electrically conductive mate 
rial and a solder section, Wherein the column is made of a 
material Which does not melt at the melting temperature of the 
solder of the solder section. The length of the column is at 
least 20 um, preferably at least 50 um, 100 um or 200 um. 
[0048] The soldering material of the solder sections 6 is for 
example a tin-lead alloy, or it may also be a lead-free solder 
ing material. 
[0049] The embodiment shoWn in FIGS. 1a to 10 has a 
contact area 9 in Which the contact posts 4 are located and 
Which is formed in the centre of the semiconductor chip 2. In 
FIGS. 1a to 10 three contact posts are shoWn to simplify the 
illustration. Typically, semiconductor chips of a ?ip-chip 
module according to the invention have betWeen 40 and 200 
contact posts. It has been found that, With the ?ip-chip module 
according to the invention, semiconductor chips may have 
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more than 100 or more than 200 or more than 500 up to 

several 1000 directly contactable contact posts on a substrate. 
The centre-to-centre distance betWeen tWo adjacent contact 
posts 4 is typically 20 um to 200 um. The contact posts may 
be arranged in one or more roWs along a line running in the 
centre of the chip (:centre pinning) or in one or more roWs 
along the edges of the semiconductor chip. 
[0050] In the method shoWn in FIGS. 1a to 10 for producing 
a ?ip-chip module according to the invention, in a ?rst step 
(FIG. 1a) a spacer 10 is ?tted next to the contact posts 4, 
aligned relative to the contact posts 4 and connected to the 
side face 3 of the semiconductor chip 2. The connection 
betWeen the spacer 10 and the semiconductor chip 2 is made 
by adhesive bonding, With the spacer 10 being bonded to the 
semiconductor chip 2 as far as possible over its entire contact 
surface. Instead of an adhesive bond, a soldered connection 
may also be provided. It is not necessary to make the connec 
tion over the Whole surface. It may also be expedient to 
connect the spacer 10 to the semiconductor chip 2 at indi 
vidual points distributed over the contact surfaces. It is hoW 
ever expedient to provide the connection, Whether made ?at 
or via several connection points, over a contact surface Which 
is at least 10% of the area of the semiconductor chip 2, and 
preferably at least 20%, 30%, 50%, 70%, 80% or 90% of the 
area of the semiconductor chip. 

[0051] When the spacer 10 is connected to the semiconduc 
tor chip 2, the latter is still part of a Wafer. After the spacer 10 
has been connected to the Wafer and semiconductor chip 2 
respectively, the semiconductor chip is cut out of the Wafer by 
a conventional cutting process (not shoWn). The unit thus 
obtained, comprising the semiconductor chip 2 and the spacer 
10, is arranged on the substrate 8 (FIG. 1b) With the free ends 
of the contact posts 4 or the solder sections 6 on the contact 
points 7 of the substrate. 
[0052] The contact points 7 are pretreated copper contacts 
capable of being soldered. The substrate 8 With the spacer 
element 10 and semiconductor chip 2 placed on top is put into 
a soldering furnace or a thermal compression facility, in 
Which the Whole unit is heated over a temperature pro?le to a 
soldering temperature of eg 2300 C. By this means the 
soldering material of the solder sections 6 is melted, Wetting 
both the loWer ends of the metal posts 5 of the semiconductor 
chip 2 and also the contact points 7 of the substrate 8. On 
cooling doWn the soldering material hardens, thereby provid 
ing permanent electrical and mechanical connection of the 
contact posts 4 of the semiconductor chip 2 With the contact 
points 7 of the substrate 8 (FIG. 10). 
[0053] Preferably, at the same time as the soldering, the 
spacer 10 is also connected physically to the substrate 8 by 
means of an adhesive bond or a soldered connection. It is 
hoWever also possible for the connection betWeen the spacer 
10 and the substrate 8 to be made before soldering. The 
connection betWeen the spacer 10 and the substrate 8 is expe 
diently made over the Whole area of the contact surfaces of the 
spacer 10 With the substrate 8. 

[0054] Due to the provision of the spacer 10 betWeen the 
substrate 8 and the semiconductor chip 2, a predetermined 
distance betWeen the substrate 8 and the semiconductor chip 
2 is maintained during the soldering process. The height and 
thickness respectively of the spacer is determined by means 
of a measurement of the height of the metal posts after the 
production process. The provision of the spacer improves the 
quality of the soldered connection signi?cantly, as explained 
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below With the aid of FIGS. 2a to 20, each of Which shows a 
?ip-chip module in the area of a contact post. 
[0055] In FIG. 2a the distance betWeen the semiconductor 
chip 2 and the substrate 8 during the soldering process Was too 
small. Because of this, a signi?cant portion of the soldering 
material Was pressed out of the area betWeen the contact 
points 7 and the metal post 5. The metal post 5 acts like a 
punch, pressing the soldering material to the side. As a result, 
only a thin layer of soldering material remains betWeen the 
contact point 7 and the metal post 5. This thin layer is 
mechanically Weak and may easily break up under the 
stresses described at the start. There is also the risk of solder 
ing material escaping beyond the contact point 7 and coming 
into contact With an adjacent copper track, leading to a short 
circuit. 
[0056] If on the other hand the distance betWeen the semi 
conductor chip 2 and the substrate 8 is too large (FIG. 20), 
then there is a correspondingly large gap betWeen the metal 
post 5 and the contact point 7 of the substrate 8. The soldering 
material is stretched over this gap, leading to a reduction 11. 
This reduction is again mechanically Weak, tending to break 
up under a mechanical load. An alloy forms betWeen the 
soldering material and the copper of the contact post and the 
substrate respectively. This alloy is to begin With a good 
electrical conductor and, immediately after production of the 
?ip-chip module it is not possible to determine by electrical 
tests that such an alloy is present here. HoWever elements of 
the alloy, on application of an electrical current may separate 
preferably in the area of the reduction, so that the cross 
section of the conductor path is further reduced or the elec 
trical connections may even be broken. The material Will also 
become brittle over time (Kirkendale voids). 
[0057] If the distance betWeen the semiconductor chip 2 
and the substrate 8 is set correctly, a mechanically stable 
soldered connection is made betWeen the contact post 4 and 
the contact point 7 of the substrate 8 (FIG. 2b). Soldered 
connections of the desired quality are therefore obtained 
through the provision of the spacer 10 according to the inven 
tion betWeen the substrate 8 and the semiconductor chip 2. 
For this purpose it is not necessary for the spacer 10 to be 
connected physically to the substrate and/or the semiconduc 
tor chip 2, but such a physical connection is preferred, as 
explained in detail beloW. 
[0058] The spacer 10 is made of a rigid material, eg ?bre 
reinforced plastic or a coated steel alloy (lnvar®) With a loW 
thermal coef?cient of expansion. Suitable reinforcing ?bres 
for the ?bre-reinforced plastic are carbon ?bres and aramid 
?bres (Kevlar®). The spacer may also be made of a semicon 
ductor material such as eg silicon. 

[0059] The material of the spacer has a thermal coef?cient 
of expansion Which differs less from the thermal coef?cient of 
expansion of the semiconductor chip than from the thermal 
coef?cient of expansion of the substrate. I.e. the thermal 
expansion of the spacer 10 corresponds more to the semicon 
ductor chip 2 than to the substrate 8. 
[0060] If the spacer 10 is physically coupled to the substrate 
8, then the thermal stresses betWeen the substrate and the 
spacer 10 Will be absorbed by the spacer 10 and not transmit 
ted to the semiconductor chip 2. The spacer 10 has no elec 
trical functional elements and is made of a rigid material, so 
that the thermal stresses lead to no or at any rate minimal 
distortions. The substrate 8 is usually made of a plastic or 
ceramic material provided With copper conductor paths 12, 
and is so stable that it can absorb these mechanical stresses 
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continuously. Although thermal stresses continue to exist 
betWeen the substrate and the spacer, they do not impair the 
continuous operation of the ?ip-chip module according to the 
invention. 
[0061] The unit comprised of the substrate 8 and the spacer 
10 also forms such a rigid body that no or at any rate only 
negligible bends are able to occur in the substrate. 
[0062] So that the spacer 10 can absorb the thermal stresses 
generated, it is coupled physically to the substrate 8. This 
coupling is effected preferably by a ?at adhesive bond. In 
principle, hoWever, it is su?icient for the spacer 10 and the 
substrate 8 to be connected to one another at several points 
distributed over their contact surfaces. 

[0063] It is also possible for the spacer 10 to be coupled 
physically to the semiconductor chip 2, With no physical 
connection betWeen the substrate and the spacer. Such a 
design of the ?ip-chip module according to the invention is 
expedient if it is required that the semiconductor chip 2 
should be removable from the substrate 8 for repair Work. In 
this case the semiconductor chip 2 and the spacer form a rigid 
unit, Which is much better able to Withstand mechanical 
loads. 
[0064] Since noWadays, outside the connection Zone of the 
contact posts 5, semiconductor chips are generally coated 
With a so-called loW-k material, Which has loW strength, it is 
expedient to make the connection at the contact surface 
betWeen the spacer and the semiconductor chip over an area 
corresponding to at least 30%, 50%, 70%, 80%, 90% or 95% 
of the area of the semiconductor chip. Through a connection 
of the spacer to the semiconductor chip over a Wide area, high 
strength of this unit is ensured. A loW-k material of this kind 
is described for example in the INTERNATIONAL TECH 
NOLOGY ROADMAP FOR SEMICONDUCTORSiIN 
TERCONNECT, 2005 edition, on pages 19 and 20. 
[0065] Preferably the spacer 10 and the semiconductor chip 
2 are also connected to one another, at least at several points 
distributed over their contact surfaces. Through the physical 
connection betWeen the semiconductor chip 2 and the spacer 
10, each of Which have a similar thermal coef?cient of expan 
sion, the semiconductor chip 2 holds its shape even during the 
temperature variations occurring in the course of the solder 
ing process, and possible cracking is inhibited. 
[0066] The difference betWeen the thermal coef?cient of 
expansion of the spacer and the thermal coef?cient of expan 
sion of the semiconductor chip is preferably less than 40% 
and inparticular less than 20% or 10% or 5% of the difference 
betWeen the thermal coef?cient of expansion of the semicon 
ductor chip 2 and the thermal coef?cient of expansion of the 
substrate 8. The closer the agreement betWeen the thermal 
coef?cient of expansion of the semiconductor chip 2 and that 
of the spacer 10, the loWer the forces acting on the semicon 
ductor chip 2 due to thermal stresses. 
[0067] This results in typical thermal coef?cients of expan 
sion for the spacer Which are 10 to 100 times less than those 
of the substrate, Which is for example an epoxy-glass ?bre 
circuit board. 
[0068] With the spacer 10 according to the invention, Which 
is at least physically coupled to the substrate 8, bends in the 
?ip-chip module according to the invention such as occur in 
knoWn ?ip-chip modules are reduced or even completely 
avoided. As a result, the risk of damage to the soldered con 
nections betWeen the contact posts 4 and the substrate 8, or of 
damage to the semiconductor chip 2 is considerably reduced. 
By this means it is possible to connect electrically and 



US 2011/0001232 A1 

mechanically to a substrate by means of contact posts even 
semiconductor chips Which are sensitive to mechanical 
stresses, such as eg the latest generation of DRAM chips. 
The ?ip-chip module according to the invention is suitable for 
semiconductor chips With up to a thousand contact posts. 

[0069] The semiconductor chip 2 shoWn in FIGS. 1a and 1b 
is illustrated in FIG. 3a in a vieW from beloW together With the 
spacer 10. It can be seen that this spacer forms a frame around 
the contact area 9 in Which the contact posts 4 are arranged. 
This frame is in one piece. 

[0070] Within the scope of the invention it is also possible 
to make the spacer 10 of several separate parts, provided on 
the semiconductor chip 2 With clearance from or also adjacent 
to one another. FIG. 3b shoWs an alternative embodiment in 
Which the contact posts 4 are arranged around the edge of the 
semiconductor chip 2 and a rectangular spacer 10 is provided 
in the centre. 

[0071] FIG. 4a shoWs a further embodiment of a ?ip-chip 
module 1 according to the invention in a vieW from above. 
FIG. 4b shoWs a section along the line A-A of FIG. 4a. This 
?ip-chip module 1 again has a semiconductor chip 2, a spacer 
10, a substrate 8 and contact posts 4 Which are mechanically 
and electrically connected to the appropriate contact points of 
the substrate 8. This ?ip-chip module is distinguished by the 
fact that the spacer 10 protrudes to the side of the semicon 
ductor chip 2 and has a continuous projection 13 oriented 
upWards, Which then encompasses the side edges of the semi 
conductor chip 2. Preferably, the projection 13 protrudes 
slightly at the surface of the semiconductor chip, so that the 
spacer 10 forms a basin in Which the semiconductor chip 2 
may be cast With a synthetic resin. By this means, the semi 
conductor chip 2 is protected by the spacer 10 at the side. 
Within the scope of the invention it is also possible to provide 
a cover, Which is either bonded directly on to the semicon 
ductor chip 2, or connected physically to the spacer 10 pro 
truding from the side of the semiconductor chip 2. 

[0072] In a further variant of the invention, the spacer may 
also protrude from the side of the semiconductor chip, With 
out the spacer being formed With an upWards-oriented pro 
jection. 
[0073] FIG. 5a shoWs a section through a ?ip-chip module 
according to the invention in the area of a soldering point, 
With a detail of the semiconductor chip 2, a contact post 4, a 
contact point 7 and a detail of the substrate 8. 

[0074] The contact point 7 is provided With a recess 15 to 
accommodate the loWer end of the contact post 4. VieWed 
from above, the recess is a ?at circular basin, With a diameter 
someWhat greater than the diameter of the contact post 4. 

[0075] Before the soldering process, the contact posts 4 of 
a semiconductor chip 2 are placed in the recesses 15 of the 
contact points 7 of a substrate 8. This prevents the semicon 
ductor chip 2 from slipping on the substrate 8. It is therefore 
unnecessary, as Was the case With conventional methods, to 
join the semiconductor chip 2 and the substrate 8 temporarily 
With a large drop of adhesive before soldering. Formerly this 
drop of adhesive had to extend from the bottom of the semi 
conductor chip 2 to the top of the substrate 8 and, due to the 
use of contact posts 4, had a considerable extent. Moreover 
the recesses 15 of the contact points 7 simplify the alignment 
of all contact posts 4 relative to the contact points 7 since, 
When all loWer end sections of the contact posts 4 are located 
in the relevant recesses 15, then the contact posts 4 are clearly 
aligned on the relevant contact point 7. 
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[0076] During soldering, the material of the solder section 
6 ?oWs into the recess 15 of the respective contact point 7. 
Through the provision of the recess 15, the area in Which the 
material of the solder section 6 is distributed is limited, thus 
avoiding the risk of fault contacts due to soldering material 
connecting tWo contact points 7 With one another. 
[0077] In the embodiment according to FIG. 5a, the recess 
15 is formed only in the material of the contact point 7. 
According to a further embodiment (FIG. 5b), the recess 15 
may extend into the substrate 8. The recess extending into the 
substrate 8 is coated by the contact point 7 and forms a deep 
recess into Which a part of the metal post 5 also extends. The 
bottom end section of the metal post 5 is encompassed by the 
material of the solder section 6, creating on the one hand the 
electrical connection to the contact point 7 and also a robust 
mechanical connection. Because of the large connecting sur 
face and the three-dimensional support of the metal post 5, a 
soldered connection of high mechanical strength is obtained 
betWeen the substrate 8 and the semiconductor chip 2. 
[0078] In the embodiments of FIGS. 5a and 5b, the length 
of the contact posts 4 relative to the height of the spacer 10 is 
chosen so that an ideal soldered connection results, i.e. in the 
embodiment according to FIG. 5a the length of the contact 
post 4 surrounding the metal post 5 and the solder section 6 
does not exceed the height of the spacer 10, While on the other 
hand in the embodiment according to FIG. 5b the length of the 
contact post 4 is someWhat greater than the height of the 
spacer 10. 
[0079] The ?ip-chip module according to the invention 
explained above may be placed on a circuit board as a unit, 
With the contact points on the circuit board being electrically 
connected. When the ?ip-chip module is used in this Way, the 
substrates 8 are described as “chip carriers”, having on the 
surface facing toWards the semiconductor chip 2 a grid of 
contact points 7 in ?ne pitch and, on the side opposite the 
semiconductor chip 2, contact points 14 in a coarser grid. 
Each contact point 14 is connected electrically to a contact 
point 7. The contact points 14 may be connected electrically 
and mechanically by conventional soldering methods to con 
tact points provided in a corresponding grid on a circuit 
board. Here the substrate 8 serves as a kind of transmission 
from a contact point grid in ?ne pitch to a much coarser 
contact point grid. 
[0080] The ?ip-chip modules according to the invention 
may also comprise several semiconductor chips, all mounted 
on a common substrate. 

[0081] The ?ip-chip modules according to the invention are 
especially suitable for the production of SIMM modules 
(Single Inline Memory Modules) and/or DIMM modules 
(Dual Inline Memory Modules). Such a ?ip-chip module is 
provided on the substrate With an edge connector by means of 
Which, through insertion in a corresponding mating edge 
connector on a circuit board in a computer, it may be con 
tacted by the latter. 
[0082] The invention may be summarised brie?y as fol 
loWs: 
[0083] The invention relates to a ?ip-chip module With a 
semiconductor chip With contact posts, Wherein the contact 
posts are connected electrically and mechanically to a sub 
strate. Provided betWeen the substrate and the semiconductor 
chip is a spacer, Which is coupled mechanically at least to the 
substrate. By this means, thermal stresses in the ?ip-chip 
module are absorbed by the spacer and kept aWay from the 
semiconductor chip. 
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[0084] The invention also relates to a method for the pro 
duction of a ?ip-chip module, in Which ?rstly a spacer is 
located betWeen the semiconductor chip and the substrate, 
after Which the contact posts are soldered to the contact points 
of the substrate. Through the provision of the spacer the 
distance betWeen the semiconductor chip and the substrate is 
set precisely, thereby improving the quality of the soldering 
points. 

LIST OF REFERENCE NUMBERS 

[0085] 1 ?ip-chip module 
[0086] 2 semiconductor chip 
[0087] 3 side face 
[0088] 4 contact posts 
[0089] 5 metal post 
[0090] 6 solder section 
[0091] 7 contact point 
[0092] 8 substrate 
[0093] 9 contact area 
[0094] 10 spacer 
[0095] 11 reduction 
[0096] 12 copper conductor path 
[0097] 13 projection 
[0098] 14 contact point 
[0099] 15 recess 

1. Flip-chip module comprising: 
a semiconductor chip having on one face contact posts 

arranged roughly at right-angles to this face, 
a substrate With contact points, each connected by means of 

soldering to a free end of one of the contact posts, 
Wherein the substrate has a different thermal coe?icient 
of expansion to that of the semiconductor chip, and 

a rigid spacer, located betWeen the substrate and the semi 
conductor chip, and With a thermal coef?cient of expan 
sion varying less from the thermal coe?icient of expan 
sion of the semiconductor chip than from the thermal 
coe?icient of expansion of the substrate, Wherein the 
spacer is connected either to the substrate and/ or to the 
semiconductor chip at least at several points distributed 
over its contact faces. 

2. Flip-chip module according to claim 1, Wherein a size of 
the contact face at Which the spacer is connected to the sub 
strate or the semiconductor chip corresponds to at least 10% 
to 20% of the size of the semiconductor chip. 

3. Flip-chip module according to claim 1, characterized in 
that the spacer and the substrate and/or the semiconductor 
chip are connected by a ?at connection Which extends over at 
least 10% of the area of the semiconductor chip. 

4. Flip-chip module according to claim 27, characterized in 
that the ?at connection extends over at least 20% of the area 
of the semiconductor chip. 

5. Flip-chip module according to claim 1, Wherein the 
spacer is connected both to the substrate and to the semicon 
ductor chip. 

6. Flip-chip module according to claim 1, Wherein a con 
tact area in Which the contact posts are located is placed 
roughly at the centre of the semiconductor chip, and the 
spacer encompasses the contact area. 

7. Flip-chip module according to claim 29, Wherein the 
spacer protrudes at the edges of the semiconductor chip. 

8. Flip-chip module according to claim 7, Wherein the 
spacer has an all-round projection. 

9. Flip-chip module according to claim 1, Wherein a con 
tact area in Which the contact posts are located is made con 
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tinuous around the edge area of the semiconductor chip, and 
the spacer is located Within the contact area. 

10. Flip-chip module according to claim 1, Wherein the 
difference betWeen the thermal coe?icient of expansion of the 
spacer and the thermal coef?cient of expansion of the semi 
conductor chip is less than 40% of the difference betWeen the 
thermal coe?icient of expansion of the semiconductor chip 
and the thermal coe?icient of expansion of the substrate. 

11. Flip-chip module according to claim 1, Wherein the 
spacer is made of ?ber-reinforced plastic, semiconductor 
material, or a coated steel alloy With a loW thermal coef?cient 
of expansion. 

12. Flip-chip module according to claim 1, Wherein the 
thickness of the spacer corresponds roughly to the average 
height of the contact post and the relevant soldered connec 
tion. 

13. Flip-chip module according to claim 1, Wherein the 
contact posts are arranged in a regular grid and the clearance 
betWeen adjacent contact posts is less than or equal to 100 um. 

14. Flip-chip module according to claim 1, Wherein the 
number of contact posts of the semiconductor chip is at least 
50. 

15. Flip-chip module according to claim 1, Wherein the 
contact posts are each made of a metal post and a soldered 
section, With the metal post mounted directly on the semicon 
ductor chip and the soldered section formed on the end of the 
metal post Which is furthest aWay from the semiconductor 
chip. 

16. Flip-chip module according to claim 15, Wherein the 
metal post is made substantially of copper and/ or gold. 

17. Flip-chip module according to claim 1, Wherein the 
substrate is made of a plastic or ceramic material, on Which 
conductor paths are provided. 

18. Flip-chip module according to claim 1, Wherein the 
?ip-chip module comprises several semiconductor chips. 

19. Flip-chip module according to claim 1, Wherein the 
contact points each have a recess to accommodate the bottom 
end section of one of the contact posts. 

20. Flip-chip module according to claim 39, characterized 
in that the recess extends into the substrate. 

21. Method of producing a ?ip-chip module comprising: 
a semiconductor chip having on one face contact posts 

arranged roughly at right-angles to this face, With each 
of the contact posts having a soldered section With solder 
material and a post, forming an elongated section made 
of an electrically conductive material Which does not 
melt at the melting temperature of the soldering mate 
rial, 

a substrate With contact points, each being soldered to a 
free end of one of the contact posts, Wherein ?rstly a 
spacer is arranged betWeen the semiconductor chip and 
the substrate, soldering the contact posts to the contact 
points of the substrate. 

22. Method according to claim 21, Wherein ?rstly the 
spacer is connected to the semiconductor chip and the unit 
comprising the semiconductor chip and the spacer is then 
arranged on the substrate for soldering the contact posts to the 
contact points of the substrate. 

23. Method according to claim 21, Wherein the connection 
betWeen the semiconductor chip and the spacer is made by 
soldering or bonding. 

24. Method according to claim 23, Wherein at the same 
time as the contact posts are soldered to the contact points of 
the substrate, the spacer is connected to the substrate. 
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25. Method according to claim 21, wherein the connection 
betWeen the substrate and the spacer is made by soldering or 
bonding. 

26. Method according to claim 21 Wherein a ?ip-chip mod 
ule according to claim 1 is produced. 

27. Flip-chip module according to claim 2, Wherein the 
spacer and the substrate and/or the semiconductor chip are 
connected by a ?at connection Which extends over at least 
10% of the area of the semiconductor chip. 

28. Flip-chip module according to claim 4, Wherein the 
spacer is connected both to the substrate and to the semicon 
ductor chip. 

29. Flip-chip module according to claim 28, Wherein a 
contact area in Which the contact posts are located is placed 
roughly at the centre of the semiconductor chip, and the 
spacer encompasses the contact area. 

30. Flip-chip module according to claim 8, Wherein a con 
tact area in Which the contact posts are located is made con 
tinuous around the edge area of the semiconductor chip, and 
the spacer is located Within the contact area. 

31. Flip-chip module according to claim 30, Wherein the 
difference betWeen the thermal coe?icient of expansion of the 
spacer and the thermal coef?cient of expansion of the semi 
conductor chip is less than 40% of the difference betWeen the 
thermal coef?cient of expansion of the semiconductor chip 
and the thermal coe?icient of expansion of the substrate. 
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32. Flip-chip module according to claim 31, Wherein the 
spacer is made of ?ber-reinforced plastic, semiconductor 
material, or a coated steel alloy With a loW thermal coef?cient 
of expansion. 

33. Flip-chip module according to claim 32, Wherein the 
thickness of the spacer corresponds roughly to the average 
height of the contact post and the relevant soldered connec 
tion. 

34. Flip-chip module according to claim 33, Wherein the 
contact posts are arranged in a regular grid and the clearance 
betWeen adjacent contact posts is less than or equal to 100 um. 

35. Flip-chip module according to claim 34, Wherein the 
number of contact posts of the semiconductor chip is at least 
50. 

36. Flip-chip module according to claim 35, Wherein the 
contact posts are each made of a metal post and a soldered 
section, With the metal post mounted directly on the semicon 
ductor chip and the soldered section formed on the end of the 
metal post Which is furthest aWay from the semiconductor 
chip. 

37. Flip-chip module according to claim 36, Wherein the 
metal post is made substantially of copper and/ or gold. 

38. Flip-chip module according to claim 17, Wherein the 
?ip-chip module comprises several semiconductor chips. 

39. Flip-chip module according to claim 38, Wherein the 
contact points each have a recess to accommodate the bottom 
end section of one of the contact posts. 

* * * * * 


